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Middle Proterozoic Belt Supergroup, West-central Montana
D irector: Dr. Don Winston
Vertica l sequences and la te ra l s tra t ig raph ie  re la tionsh ips o f 
the f iv e  rock-types delineated in the lower part o f  the Mt. Shields 
Formation record deposition from period ic floods on proximal and 
more d is ta l  parts o f what can be called the fan s k i r t  and a l lu v ia l  
f l a t  o f the b lock-fau lted Belt basin. These depositional land- 
forms could only have formed in  an in te rn a l ly  drained basin, 
ind ica ting  tha t the "Belt sea" was ac tu a lly  a la rge, non-marine, 
land-locked body o f  water.
These rock-types form v e r t ic a l ly  stacked, sharply bounded 
f in in g  upward sequences which average between 3 and 10 m th ic k ;  
w ith in  these sequences both bedding thickness and overa ll g ra in- 
size decrease upward. The assymetric p ro f i le  these stacked 
sequences form, with i t s  conspicuous lack o f coarsening upward 
sequences, is  a ttr ib u te d  to c l im a tic  va r ia t ion  in which the 
"Belt sea" repeatedly rap id ly  expanded and then slowly evaporated 
and contracted. Moisture derived from outside the basin resulted 
in period ic catastrophic primary sheetfloods which rap id ly  
f i l l e d  the lake, and deposited the coarser sediment at the base 
o f  each sequence. During more arid  times tha t followed, an 
intrabasinal c l im a tic  cycle then formed: water evaporated and 
formed clouds over the lake, migrated across the basin and was 
reprec ip ita ted . This c l im a tic  recycling o f the water resulted 
in progressively smaller-scale, secondary f looding events which 
deposited the f ine r-g ra ined , more th in ly  bedded sediments o f 
the upper part o f the sequence as the lake contracted. With the 
next in f lu x  o f moisture from outside the basin, primary flooding 
reoccurred, and the next f in in g  upward sequence abruptly began.
n
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INTRODUCTION
Most geologists today believe the Proterozoic Be lt basin, which 
covered much o f  western Montana, Idaho and eastern Washington, and 
reached north in to  B r i t is h  Columbia {Fig. 1), was an epicontinental 
embayment o f the Precambrian ocean. However, others have contended tha t 
the basin was an in traco n t in e n ta l,  land-locked sea or lake. Those who 
support the oceanic in te rp re ta t io n  c i te  the general shape and sedimen­
ta t io n  (Harrison, 1972), presence o f s a l t  casts (Fenton and Fenton, 
1936), and thickness of Be lt deposits, estimated to be 20 km in areas 
(Harrison, Kleinkopf, and Wells, 1980) as evidence. C.D. Walcott (1914) 
was the f i r s t  to believe the Belt was a large lake. Others, having 
studied cyc l ic  sedimentation in  various carbonate units  (J.A. Peterson, 
1971; Grotzinger, 1981), also conclude a shallow water, lacustr ine  
environment fo r  the Belt "sea".
Detailed sedimentologic study o f the lower part o f the Mt. Shields 
Formation, Belt Supergroup, leads me to in te rp re t  depositional processes 
in  the Be lt basin fo r  th is  u n it  as s im ila r  to those found today on 
va lley  landforms o f the Basin and Range Province, southwestern United 
States. However, the scale o f these landforms in  the Belt basin was 
much greater than th a t o f  th e ir  modern analogues. The "Be lt sea" at 
th is  time was a non-marine, land-locked body o f water comparable to an 
enormous playa lake, and subjected to re p e t i t iv e  periods o f rapid f i l l ­
ing and expansion followed by slow evaporit ic  contraction in response 
to c l im a t ic  v a r ia t io n .  The rock-types o f the lower Mt. Shields
1
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Fig. 1. Map o u t l in in g  regional extent o f  the Be lt basin. Modified from 
Harrison (1972) and Winston (1978).
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Formation accumulated along the margins o f th is  large lake by sheetflood 
processes tha t can be compared to those on the fan s k ir ts  and a l lu v ia l  
f la t s  o f modern in te rn a l ly  drained basins. The lower Mt. Shields 
Formation is ta b u la r ly  bedded, and the beds f in e  and th in  upward through 
repeated in te rva ls  o f 3 to 10 m forming d is t in c t iv e  sequences. The 
o r ig in  o f these f in in g  upward sequences is  a t t r ib u te d  to periodic 
large in fluxes o f ra in  followed by increasing ly dryer weather. A 
description o f th is  c l im a tic  va r ia tion  is  also offered.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
STRUCTURAL SETTING
Sediments o f the Proterozoic Belt Supergroup accumulated in  a 
la rge, slowly sinking b lock-fau lted  basin between 1450 and 850 m.y. ago. 
Winston et a l . (1982) propose three major zones o f nearly east-west 
trending, high angle fa u lt in g  which contro lled  the s truc ture  o f and 
deposition in the Belt basin. These zones o f fa u l t in g  (re ferred  to as 
l ines ) formed the northern and southern boundaries o f four more 
te c to n ic a l ly  stable blocks. The Townsend Line, trending approximately 
northwest-southeast through the Townsend Valley, is  believed to mark 
the eastern boundary o f the Deer Lodge, Ovando and Charlo blocks. The 
western l im i t  o f  these blocks as delineated by Winston et a l.  (1982) 
is  the western th rus t b e lt  (Fig. 2).
Until recently , the amount o f Cretaceous tec ton ic  transport o f 
Be lt rocks was not well enough known to make possible a detailed sedi­
mentologic study. Winston et a l .  (1982) now conclude tha t Belt rocks 
on the Ovando block, west-central Montana, were transported rather uni- 
fo rm ily  during Cretaceous th rus t ing . Thus, o r ig in a l s tra t ig raph ie  re­
la tionsh ips are s u f f ic ie n t ly  preserved to  permit an in te rp re ta t io n  of 
la te ra l facies va r ia t io n .  For th is  reason sections o f the Mt. Shields 
Formation on th is  block were selected fo r  study (Fig. 3).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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from Winston (1982).
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STRATIGRAPHY
The Precambrian Belt Supergroup consists predominately o f f in e ­
grained c la s t ic  and carbonate rocks, deposited in  enormous thicknesses 
o f re p e t i t iv e ,  tabu la r, continuous bedding which show few erosional 
surfaces and channels. Harrison (1972) subdivided Belt rocks in to  
four major s tra tig raph ie  un its : the lower B e lt ,  Ravalli Group, middle
Belt carbonate and the Missoula Group (Fig. 4).
Part o f the Missoula Group, the Mt. Shields Formation overl ies the 
dolom itic Shepard Formation, and beneath the coarser-grained, c la s t ic  
Bonner Formation. The Mt. Shields i t s e l f ,  about 1000 m th ick  on the 
Ovando block (Winston, oral communication, 1982), consists p r im a r i ly  
o f  mostly medium- to very fine-gra ined sandstone and a r g i l l i t e .  Three 
reg iona lly  mappable units have been in fo rm a lly  recognized: 1) Mt.
Shields I ,  consisting o f interbedded red a r g i l l i t e  and sandstone,
2) Mt. Shields I I ,  comprised o f predominately coarser-grained sandstone, 
and 3) Mt. Shields I I I ,  an argillaceous u n it  w ith abundant s a l t  casts. 
Mt. Shields IV, a green argillaceous u n i t ,  has been recognized lo c a l ly  
in the Jocko Mountains, Montana (Winston, 1977). This study encompasses 
the rocks of Mt. Shields I and I I .
Three sections on the Ovando block (see Fig. 3 ), which received the 
th ickes t sequence o f Be lt sediments during Precambrian time, were 
measured and described. Detailed a tten tion  was given to composition, 
texture and sedimentary s tructu res. Although no la te ra l facies changes 
were observed w ith in  a section, distances between sections are great
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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enough to demonstrate tha t the rocks become finer-g ra ined  and more 
th in ly  bedded to the north.
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ROCK-TYPES 
General Statement
Although exceedingly th ic k ,  the Belt Supergroup can be subdivided 
in to  re la t iv e ly  few d i f fe re n t  rock-types which repeat themselves in 
quite regular patterns throughout the Belt section. Winston (1978), 
defines f ive  major rock-types which occur throughout the Missoula Group 
and elsewhere in the Be lt: 1) the conglomeratic rock-type, 2) the
coarse, cross-bedded rock-type, 3) the f in e ,  ho r izon ta l ly  laminated 
rock-type, 4) the red a r g i l l i t e  rock-type, and 5) the green a r g i l l i t e  
rock-type. In the a r g i l l i t e  he recognizes centimeter scale u n its ,  
called "couplets", composed o f lower fine-gra ined sandstone and s i l t -  
stone laminae which grade up in to  claystone laminae. Grotzinger (1981), 
who studied the s tra tig raphy and sedimentation o f the Wallace Formation, 
middle Belt carbonate, defines two more: 1) the black a r g i l l i t e  rock-
type, and 2) the do lom itic  rock-type. By recognizing the s tra tig raph ie  
d is t r ib u t io n  and by analyzing the depositional processes o f these rock- 
types w ith in  th e ir  s tra t ig raph ie  framework, one can begin to discern a 
depositional model fo r  the Belt basin.
Rock Types o f Mt. Shields I and I I
Analysis of mineralogy, texture  and sedimentary structures in  th is  
study led to the recognition o f f iv e  major rock-types w ith in  the lower 
Mt. Shields Formation. Two o f  these, the cross-bedded sandstone and
10
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the ho r izon ta l ly  laminated sandstone, are s im ila r  to those described by 
Winston (1978). However, my detailed sedimentologic study o f these 
rocks leads me to redefine his red a r g i l l i t e  rock-type as two types:
1) the coupled red sandstone rock-type, and 2) the coupleted red a r g i l l i t e  
rock-type. In add it ion , I introduce a f i f t h  rock-type, the vaguely 
coupled sandstone, which contains a l l  o f  the constituents o f the coupled 
red sandstone, but in poorly defined, discontinuous layers.
Cross-bedded Sandstone
Descrip tion. The cross-bedded rock-type is mostly medium- to coarse­
grained, well sorted, tan to pink fe ldspath ic  quartz sandstone (now 
qua rtz ite )  (Fig. 5). Unimodal planar and trough cross-bed sets 10 to 
50 cm th ick  occur in  tabu la r, continuous beds. The planar sets are by 
fa r  more abundant than trough cross-beds. An upward decrease in  g ra in- 
size and scale o f sedimentary structures w ith in  single beds is  not well 
developed except in the upper part o f the P r ick ly  Pear section. There, 
marked by scoured bases, beds 2 i to 3 m th ick  consist o f medium- to very 
coarse-grained, moderately to poorly sorted, planar cross-bedded sand­
stone w ith  large mud c lasts  and pebbles. This passes upward in to  
moderately sorted, medium- to f ine-g ra ined , h o r izon ta lly  laminated 
sandstone, which in turn grades upward in to  r ipp led sandstone. The 
cross-bedded rock-type occurs more commonly in Mt. Shields I I ,  and is  most 
abundant in the southern part o f the study area.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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In te rp re ta t io n . The unimodal planar and trough cross-bed sets o f 
th is  rock-type resu lt  from lower flow regime bedload transport o f 
coarse sand. The co n t inu ity  and dominant cross-bed d ire c tion  are 
cha rac te r is t ic  o f  braided streams o f the P la tte  River type (M ia l l ,
1978), and fo r  th is  reason the cross-bedded sandstone is  believed to 
represent avalanche-face bar migration in  very broad, shallow, braided 
stream channels.
Horizonta lly  Laminated Sandstone
Descrip tion. This rock-type consists o f tan to p ink, well sorted, 
f in e -  to mostly medium-grained sandstone in tabular beds 3 to 50 cm or 
more th ick  (Fig. 6). The lower one to 2 cm th ick  layer o f most beds 
contains paper-thin mudchips. Grainsize tends to  grade from medium- 
grained sand upward to f ine-grained sand w ith in  beds. This rock-type 
is dominately ho rizon ta l ly  laminated, although very low-angle planar 
cross-beds are also present. Occasional th icke r beds contain planar 
or trough cross-bed sets in coarse-grained, mudchip-rich sandstone which 
grades upward in to  the h o r izo n ta l ly  laminated, f in e -  to medium-grained 
sandstone. This in  turn  occasionally grades in to  muddier, f in e r -  
grained, climbing r ip p le  cross-laminated sandstone, p a r t ic u la r ly  in 
Mt. Shields I I .  Thin, commonly mudcracked mud-drapes mark the top of 
most beds.
In te rp re ta t io n . The medium-grained, h o r izon ta l ly  laminated sand­
stone was deposited by upper flow regime t ra c t io n  load sedimentation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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c s vfrricr 2 0  cm
Medium- to coarse-grained, well-sorted 
sandstone.
Unimodal and trough cross-bed sets 
in beds 10 to 5 0  cm thick.
Occasionally coarser-groined sandstone 
with mudclosts at the base of a bed 
grades upward into finer-grained, 
climbing ripple cross-laminated sandstone.
Fig. 5. Diagram o f the cross-bedded sandstone. Key fo r  grainsize is 
the same fo r  Figures 5 to 9; c - c lay , s - s i l t ,  v - very f in e  
sand, f  - f in e  sand, m - medium-grained sand, cr - coarse sand.
■
c s V f m 2 0  cm
Fine- to mostly medium grained, well sorted 
sandstone.
Dominately horizontally laminated in beds 3 to 
5 0  cm or more thick. Climbing ripples, 
planar, trough, and very low angle cross­
beds are occasionally present.
Grainsize fines upward within a bed. The lower 
one to 2 cm commonly contain paper-thin 
mudchips, and the top of most beds is marked 
marked by a thin mud-drape.
Fig. 6. Diagram o f the h o r iz o n ta l ly  laminated sandstone.
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The very low angle planar cross-beds also formed from anti dunes 
generated in  upper regime flow (Reineck and Singh, 1980). The mud- 
drapes which cap most of the beds were deposited from suspension and 
are commonly mudcracked. These mud-drapes show tha t upper regime flow 
decreased in ve lo c ity  to standing water. Mudcracked surfaces ind icate 
tha t the surface eventually dried between depositional events, and 
therefore water flow was not continuous.
As flow ve lo c ity  decreased, development o f lower flow regime bed- 
forms such as bars and dunes would be expected. Lack o f  cross-beds 
in the medium-grained, ho r izon ta l ly  laminated sandstone suggests tha t 
water depth was too shallow to generate these bedforms. However, beds 
are tabular with unscoured bases, re f le c t in g  extensive, unconfined flow 
which I in te rp re t  to re s u lt  from sheetflooding (Davis, 1938). Each bed 
was deposited by ind iv idua l floods in which shallow water in upper regime 
flow deposited ho r izon ta l ly  laminated sand. As water slowed and ponded, 
mud was deposited from suspension. Between successive floods th is  mud- 
drape dried and became mudcracked.
Coupled Red Sandstone
Descrip tion. This rock-type is  part o f the red a r g i l l i t e  rock-type 
described by Winston (1978), in  which he recognizes sedimentary coup­
le ts  one to 5 cm th ick  o f f ine-gra ined sand- and s i l ts to n e  tha t grade 
up in to  claystone; sand-sized grains dominate the th icke r couplets 
while most o f the th inner couplets are dominated by c lay-sized grains.
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In the rocks o f th is  study, well sorted, medium- to f ine-gra ined sand­
stone passes gradationa lly  up to very f ine-gra ined sandstone in even 
beds from less than 3 cm up to 20 cm th ic k .  An a r g i l l i t e  is  . . a 
rock derived e ith e r  from s i l ts to n e ,  claystone or shale . . . (D ictionary 
o f Geologic Terms, 1952, p. 23)" and the term "arg illaceous" re fers 
to rocks . .composed o f  c lay , or having a notable proportion o f clay 
in th e ir  composition . . . (D ictionary o f Geologic Terms, 1962, p. 23)". 
Since the th icke r couplets consist o f  predominately coarser than s i l t -  
and clay-sized grains, the term "red a r g i l l i t e "  is  not t o ta l l y  appro­
p r ia te . As sand-dominated couplets tend to be greater than 3 cm th ic k ,
I introduce the term "couple" to re fe r  to beds 3 to 20 cm th ick  tha t 
f in e  upward from fine-gra ined sandstone to s i l ts to n e .  I t  is  fo r  these 
reasons that I delineate the coupled red sandstone rock-type (Fig. 7).
The lower, coarser layers w ith in  the couples, commonly containing 
mudchip lag deposits, are ho r izon ta l ly  laminated or current r ip p le  cross­
laminated. These are capped by darker red, very f ine-grained sandstone 
and s i l ts to n e .  Upper surfaces o f these couples are often covered with 
symmetric, s tra igh t-crested  o s c i l la t io n  r ipp les  and mud-cracks.
In te rp re ta t io n . The upward f in in g  tra n s it io n  from tra c t io n  load 
bedforms to those o f  standing water, plus evidence o f subaerial ex­
posure, o ffe rs  a c lear depositional p ic tu re  fo r  th is  rock-type. Upper 
regime shallow flow deposited h o r izo n ta l ly  laminated sands. Mudchips 
were ripped up from mudcracked surfaces o f previous depositional events, 
and mark the base o f  each couple. As v e lo c ity  decreased, lower flow 
regime current r ipp les  formed, and f i n a l l y  s i l t  was deposited from
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suspension. Extensive surfaces o f o s c i l la t io n  r ipp les  and mudcracks 
are good evidence o f ephemeral standing water which eventually evap­
orated.
Coupleted Red A r g i l l i t e
Description. This rock-type d i f fe rs  from the coupled red sandstone 
in tha t sedimentary couplets are generally less than 3 cm th ick  and are 
dominated by well sorted, very f ine-gra ined sandstone and s i l ts to n e  
which passes in some couplets gradationa lly  and in other couplets 
abruptly upward in to  claystone (Fig. 8). Mudchip lag deposits, though 
not so common as in the coupled red sandstone, occur in  the ho rizon ta l ly  
laminated and current r ip p le  cross-laminated lower layer o f the couplets. 
In places starved ripp les  mark the contact between th is  lower very f in e ­
grained sand-and s i l ts to n e  layer and the fine r-g ra ined  upper claystone 
layer. Upper surfaces o f  the couplets are commonly covered with 
symmetric, s tra igh t-crested o s c i l la t io n  r ipp les  and mudcracks.
In te rp re ta t io n . The h o r izon ta l ly  laminated and current r ip p le  
cross-laminated, very f ine-gra ined sand- and s i l ts to n e  layer was de­
posited by upper regime and lower regime f low , respective ly . The f in e r  
material which comprises the upper claystone layer se tt led  out o f sus­
pension, and extensive s tra igh t-c res ted  o s c i l la t io n  r ipp led surfaces 
are evidence o f standing water. These clay surfaces are commonly mud- 
cracked, ind ica ting  tha t the surface dried between successive deposi- 
t iona l events. Depositional processes responsible fo r  the coupleted 
red a r g i l l i t e  rock-type are v i r t u a l l y  id e n t ica l to those which formed
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Ocillaîion rippled and mudcrocked surface.
Very fine-grained sand and silt deposited 
out of suspension.
Very fine- to fine-grained, current ripple 
cross-laminated sand.
Fine- to medium-grained, mudchip-rich 
horizontally laminated sand.
cr 5 cm.
Fig. 7. Diagram o f the coupled red sandstone.
One couplet:
Oscillation ripples and mudcracks in 
mud deposited out of suspension.
gradational or sharp upward transition
Horizontally laminated, current ripple 
cross-laminated sand with or 
without mudchips.
CSV tm cr 5cm
Fig. 8. Diagram o f the coupleted red a r g i l l i t e .
Poorly defined, discontinuous layers of 
very fine - to fine-gra ined , occasionally 
m udchip-rich sand which grades up into 
wavy mud laminae.
Small scale scours, cut-and- fill structures 
and ripple cross-lominations are present.
c s v t m c r 5 cm
Fig. 9. Diagram o f the vaguely coupled sandstone.
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the coupled red sandstone. This rock-type merely re f le c ts  a decrease 
in  competency o f  the depositional event.
Vaguely Coupled Sandstone
D escrip tion . This rock-type contains the same constituents as the 
coupled red sandstone rock-type, but in  poorly defined, discon­
tinuous layers (Fig. 9). Very f in e -  to f ine-g ra ined , moderately to well 
sorted, occasionally mudchip-rich sandstone grades up in to  discontinuous 
and wavy mudstone laminae. These poorly defined layers form in d is t in c t  
couples which appear to range from less than 3 cm up to 10 cm th ic k ,  
and have in d is t in c t  boundaries. Few well developed mud-draped and mud- 
cracked bedding surfaces e x is t .  Small scale scours, c u t -a n d - f i l l  
s tructures and climbing r ip p le  cross-laminations are more cha ra c te r is t ic  
o f th is  rock-type.
S tra t ig ra p h ic a l ly ,  the vaguely coupled sandstone rock-type occurs 
p r im a r i ly  in Mt. Shields I I  in  the Clearwater Junction and Mt. Morrell 
sections, where i t  is  commonly interbedded w ith the ho r izon ta l ly  lami­
nated and coupled red sandstones. Boundaries between the rock-types 
tend to be g rada tiona l.
In te rp re ta t io n . The sand in th is  rock-type was deposited by tra c t io n  
load sedimentation, and the mud se tt led  out o f suspension. C u t-a n d - f i l l  
s truc tu res , small scale scours, discontinuous wavy laminae and in ­
d is t in c t  boundaries suggest tha t the sediment was s t i l l  so ft  and eas ily  
reworked during subsequent depositional events. Sedimentary structures 
o f fe r  l i t t l e  evidence o f a gradational decrease in  f low , as in the 
coupled red sandstone rock-type; ra th e r ,  climbing r ip p le  cross-laminations
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formed by rapid sedimentation represent a sudden drop in  ve lo c ity  
(McKee, 1966). Scarcity o f mudcracked surfaces shows tha t the sediment 
did not dry between successive in fluxes o f water. With each depo­
s i t io n a l  event, the sandier material se tt led  in to  the so ft  mud, fu r th e r  
obscuring boundaries between the layers.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
FINING UPWARD SEQUENCES
Two f in in g  upward scales occur in  stacked sequences throughout 
Mt. Shields I and I I .  I use the term "sequence" as defined by Heward
(1978, p. 671) as being " . . .  m - lO's m th ic k ,  consisting o f a s ingle
bed or a series o f re lated beds." The smallest f in in g  upward scale 
has already been described, in  which grainsize and sedimentary structures 
decrease in  scale upward w ith in  s ingle beds. This is  espec ia lly  well 
developed in  the coupled red sandstone and coupleted red a r g i l l i t e ,  in 
which very f ine-gra ined sand commonly containing mudchips and trans­
ported in  upper regime flow grades up in to  mud deposited from suspension. 
This is  also common in beds o f the ho r izon ta l ly  laminated sandstone, 
which are marked at the base by a layer o f very th in  mudchips occasionally 
accompanied by coarser sand, and are capped by a th in  mud-drape. In
Mt. Shields I I ,  the h o r izon ta l ly  laminated sandstone grades up in to
f ine r-g ra ined , climbing r ip p le  cross-laminated sandstone.
In the la rger f in in g  upward scale, beds th in  upward to couple and 
couplet scale w ith in  a sequence. Part A (Fig. 10) tends to consist o f 
medium- (10 to 30 cm) to thick-bedded (greater than 30 cm), horizon­
t a l l y  laminated or cross-bedded sandstone. Bedding thickness decreases 
in  these rock-types as they pass upward in to  the th in -  (3 to 10 cm) to 
medium-bedded coupled sandstone which comprises part B o f the sequence. 
Very thin-bedded (less than or equal to 3 cm), coupleted red a r g i l l i t e  
(part C) may in turn occur above th is .  While part A o f the sequence is  
always present, parts B or C are lo c a l ly  absent (F ig. 11).
20
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coupleted red argillite
Note:I)Grainsize fines upward within a 
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Fig. 10. Idealized stacked v e r t ica l f in in g  upward sequences o f  Mt. Shields I and 11
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Coupleted red orgiliite
Vaguely coupled 
sandstone
Coupled red 
sandstone
Horizontally laminated 
sandstone
Cross-bedded
sandstone
Fig. 11. Examples o f  stacked v e r t ic a l f in in g  upward sequences present 
in each o f  the studied sections.
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A corresponding overa ll decrease in  grainsize accompanies th is  
upward th inning o f beds to couplet scale. The h o r izon ta lly  laminated 
or cross-bedded sandstones which occur at the base o f the sequence con­
s is ts  o f mostly f in e -  to medium-grained, well sorted sand. The coupled 
sandstone which occurs above these rock-types is  comprised of mostly 
f ine-gra ined sand which grades in to  very fine-gra ined sand w ith in  in ­
d iv idua l beds. Coupleted a r g i l l i t e ,  which occurs uppermost in the se­
quence, consists o f beds of very f ine-grained sand- to s i l ts to n e  which 
grades in to  claystone.
These v e r t ic a l ly  stacked, f in in g  upward sequences average between 
3 and 10 meters th ic k  and tend to have sharp boundaries. A t a l l y  was 
made o f Mt. Shields I and I I  in the P r ick ly  Pear section o f rock-type 
and bedding thickness v e r t ica l t ra n s it io n s ,  noting whether the change 
was abrupt or gradational. The observed frequency with which each 
t ra n s i t io n  occurs was calculated and compared to the p ro b a b i l i ty  f r e ­
quency o f tha t t ra n s it io n  occurring i f  the changes were randomly gener­
ated (Walker, 1979).
Vertica l facies re la tionsh ip  diagrams o f those tra n s it io n s  which do 
occur s ig n i f ic a n t ly  more often than randomly are presented in Fig. 12 
and 13. These c le a r ly  show tha t coarser-grained, sharply based, more 
th ic k ly  bedded rock-types commonly pass grada tiona lly  to f ine r-g ra ined , 
more th in ly  bedded ones, but th is  t ra n s it io n  in  some places is sharp.
I t  is  important to note tha t no gradational coarsening upward sequences 
are evident, i . e . ,  the change from f in e r-g ra ined , more th in ly  bedded 
rock-types back to coarser ones is  always abrupt. The gradational changes
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very thinly bedded 
coupleted
red argillite
thinly bedded
coupled
red sandstone
^  • > .c
ripple cross-laminated 
sandstone
thinly bedded 
cross-bedded 
sandstone
thinly bedded 
horizontally laminated 
sandstone
medium-bedded 
horizontally laminated 
sandstone
medium-bedded
coupled
red sandstone
medium-bedded
cross-bedded
sandstone
thickly bedded 
horizontally laminated 
sandstone
Sharp Upward Transition Gradational Upward Transition
much more than random
more than r a n d o m  ------------------ --
Fig. 12. Vertica l facies re la tionsh ip  diagram fo r  Mt. Shields I ,  P r ick ly  
Pear section. The section was subdivided on the basis o f  rock- 
type and bedding thickness, and abrupt and gradational v e r t ic a l 
t ra n s it io n s  were t a l l ie d .  Those tra n s it io n s  which occur more 
often than random show tha t coarser-grained, more th ic k ly  
bedded h o r izon ta l ly  laminated sandstone passes gradationa lly  
to progressively f in e r-g ra ine d , more th in ly  bedded coupled red 
sandstone and coupleted red a r g i l l i t e .  The change back to the 
h o r izon ta l ly  laminated sandstone is  always abrupt, and marks 
the beginning o f the next f in in g  upward sequence.
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Fig. 13. Vertica l facies re la tionsh ip  diagram fo r  Mt. Shields I I ,
P r ick ly  Pear section. The section was subdivided on the basis 
o f rock-type and bedding th ickness, and abrupt and gradational 
ve r t ica l t ra n s it io n s  were t a l l i e d .  Those tra n s it io n s  which 
occur more often than random show tha t coarser-grained, more 
th ic k ly  bedded h o r izo n ta l ly  laminated sandstone passes grada­
t iona l ly  to f in e r-g ra ine d , more th in ly  bedded coupled red 
sandstone. The change back to the coarser-grained rock-types 
is  abrupt. Changes between h o r izo n ta l ly  laminated, cross­
bedded and r ipp led  sandstones represent flow regime f lu c tu a ­
tions w ith in  s ing le  depositional events (see Fig. 12 fo r  key).
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between the h o r iz o n ta l ly  laminated, cross-bedded and r ipp led  sandstones 
in  Figure 13 represent flow regime f lu c tu a t io ns  w ith in  depositional 
events, and do not represent coarsening upward trends through time.
Transitions which occur s ig n i f ic a n t ly  less often than randomly 
support these observations. Within a rock-type, th inner beds do not 
pass upward in to  th ic ke r  beds. For example, medium bedded, ho r izon ta l ly  
laminated sandstone is  not commonly overla in  by th ic k ly  bedded sand­
stone, and th in ly  bedded, h o r izon ta l ly  laminated sandstone is not 
commonly capped by e ithe r  medium or th ick  beds o f th is  rock-type.
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DEPOSITIONAL INTERPRETATION
A depositional model fo r  the lower Mt. Shields Formation must 
account fo r  the two f in in g  upward scales o f sedimentation: 1) the
single bed deposited by a s ingle depositional event, and 2) the f in in g  
upward, v e r t i c a l ly  stacked sequences these beds form.
Single Depositional Event
The f in in g  upward o f grainsize and corresponding change in bedforms 
which pa ra lle l a decrease in flow v e lo c ity  w ith in  s ingle beds, couples 
or couplets o f the lower Mt. Shields Formation is  a t t r ib u te d  to the 
waning o f ind iv idua l flood events. Other things must be considered, 
however, in proposing a depositional environment. These are:
1. Lack o f la te ra l va r ia t ion  across wide outcrops
2. Tabular, even bedding
3. Lack o f erosional surfaces and channels.
The geomorphology and depositional processes found on the fan s k i r t  
o f the lower piedmont slope and basin f lo o r  of an in te rn a l ly  drained 
"bolson" in  the Basin and Range Province s a t is f ie s  each o f  these points 
(Fig. 14). These huge, intermontane basins are deep, a l lu v iu m - f i l le d  
s truc tu ra l depressions which may form in response to downdropping o f 
fa u l t  blocks s im ila r  in  shape to tha t proposed fo r  the Belt basin 
(Winston et a l . ,  1982). Here, a l lu v ia l  fans p a ra l le l l in g  the mountain 
f ro n t  coalesce downslope, forming the fan s k i r t ,  which in turn merges
with the basin f lo o r  along i t s  lower boundary (F.F. Peterson, 1981).
27
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Coalescing fans would supply a la te ra l  ra ther than point sediment source, 
and may explain the lack o f  la te ra l fac ies changes across outcrops o f 
the lower Mt. Shields Formation.
In the Basin and Range the fan s k i r t ,  with a 1% grade, is  the 
smoothest and f la t t e s t  zone on the piedmont slope, and merges w ith the 
a l lu v ia l  f l a t ,  the most extensive landform o f the basin f lo o r .  Because 
both are p r im a r i ly  depositional landforms, they are undissected.
Channels, i f  present, are only very s l ig h t ly  incised and are cut by 
broad, ephemeral braided streams. Fan s k ir ts  are b u i l t  up p r im a r i ly  by 
sheet floods. In order fo r  these landforms to e x is t ,  i t  is  essential 
tha t the basin be in te rn a l ly  drained and land-locked on a l l  sides. 
Externa lly  drained basins, or semi-bolsons, develop an axia l drainage 
system which dissects lower piedmont and basin f lo o r  landforms 
(F.F. Peterson, 1981). Given the geomorphology and depositional 
processes found on these landforms, the tabu la r, even bedding and lack 
o f erosional surfaces and channels of the Mt. Shields best f i t  th is  
model.
Lateral S tra tigraph ie  Relationships o f Rock-types
Coarser-grained, sandier rock-types are most dominant in the 
P r ick ly  Pear section, the southern most section in the study area. The 
Clearwater Junction section is  in turn  sandier than the northern most 
Mt. Morrell section, which contains the greatest percentage o f the 
f in e r-g ra ine d , coupled and coupleted rock-types (P late 1). D is t in c t
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f in in g  upward sequences can be corre lated among the three sections, as 
seen in  Figure 15 and 16. These c le a r ly  show tha t cross-bedded sand­
stone passes downslope to h o r izon ta l ly  laminated sandstone, which in  
turn  may pass to a more th in ly  bedded h o r izo n ta l ly  laminated sandstone 
or to the coupled red sandstone rock-type. The coupled red sandstone 
passes d is ta l ly  to the coupleted red a r g i l l i t e  rock-type. This is  
espec ia lly  well developed between the P r ick ly  Pear and Mt. Morrell 
sections in Mt. Shields I (Fig. 16). S im ilar facies changes are evident 
throughout the sections (Plate 1).
This f in in g  o f rock-types seen from the southern part o f the study 
area northward represents deposition on proximal and d is ta l  parts of 
a depositional slope in  response to floods by processes s im ila r  to those 
active  on the fan s k i r t  and a l lu v ia l  f l a t  o f modern in te rn a l ly  drained 
basins (F ig. 17). F i r s t ,  coarse-grained, cross-bedded sand was de­
posited on what may be compared to the upper part o f  the fan s k i r t ,  
where very broad, shallow, s l ig h t ly  incised braided stream channels and 
bars are present (F.F. Peterson, 1981); as the water continued downslope, 
sheetfloods deposited the sediment o f the h o r izon ta l ly  laminated sand­
stone rock-type. As the flood reached what may be compared to the 
a l lu v ia l  f l a t  o f the basin f lo o r  and spread out, a layer of f in e  sand 
grading up to very f in e  sand, which comprises a single bed o f the coupled 
red sandstone, was deposited (see Fig. 15). Floods which entered ponds 
occupying s l ig h t  depressions, s im ila r  to  those found on the basin f lo o r  
as described by F.F. Peterson (1981), deposited sediment on so fte r
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Fig. 15. Correlation o f  stacked v e r t ic a l  f in in g  upward sequences between 
sections, and la te ra l  t ra n s it io n  o f  fac ies. The cross-bedded 
sandstone passes la te r a l l y  to the h o r izo n ta l ly  laminated sand­
stone, which passes la te r a l l y  to the coupled red sandstone.
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Fig. 16. Correlated portions o f the P r ick ly  Pear and Mt. Morrell sec­
t ions (Mt. Shields I )  showing la te ra l facies t ra n s it io n s . The 
h o r izo n ta l ly  laminated sandstone and coupled red sandstone pass 
la te r a l l y  to the coupleted red a r g i l l i t e  (see Fig. 15 fo r  key).
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surfaces, which eventually  formed the vaguely coupled sandstone rock- 
type. As flood water continued to d iss ipate  downslope, s i l t  and clay 
were deposited p r im a r i ly  from suspension, and formed the most d is ta l 
rock-type, the coupleted red a r g i l l i t e  (see Fig. 16).
Orig in o f  Fining Upward Sequences
In reviewing the deposits o f Mt. Shields I and I I ,  two trends be­
come apparent which must be explained.
1) Fining and th inn ing upward sequences averaging
3 to 10 m th ic k  and comprised o f a series o f re lated 
beds, couples and couplets are v e r t ic a l ly  stacked 
w ith in  a section.
2) In these sequences, bedding thickness and overa ll 
g ra insize decrease upward.
The lack o f  coarsening upward sequences in  the Mt. Shields is as im­
portant a constra in t fo r  in te rp re t in g  a depositional model as are those 
l is te d  above. As shown in Figure 18, the model must generate an 
assymmetric f in in g  upward p ro f i le  compatible w ith  the observed pattern 
o f rock-type occurrences.
F.F. Peterson's study focuses p r im a r i ly  on the geomorphology o f 
landforms in modern b lock-fau lted  basins (1981). Heward (1978) com­
prehensively reviews the o r ig in  o f coarsening and f in in g  upward se­
quences in  a l lu v ia l  fans o f ancient b lock-fau lted  basins (Table 1).
He points out tha t sequences m to lO 's m th ic k  record short term fan 
behavior, and megasequences lO's to lOO's m th ic k  re s u l t  from longer 
term fan behavior. Most processes, such as a response to i n i t i a l
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Increase in grainsize
Fig. 18. Idealized stacked v e r t ica l f in in g  upward sequences o f the 
lower Mt. Shields Formation, and corresponding assymmetric 
f in in g  upward p ro f i le  formed by the observed pattern o f 
rock-type occurrences.
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Table 1. C la ss if ica t io n  by Orig in o f A l lu v ia l Fan Sequences and 
Megasequences. Modified from Heward, 1978.
1. I n i t i a l  Topography
Assymmetric to p a r t ia l l y  symmetric coarsening upward 
megasequences near the fan apex, sequences near the 
fan toe.
2. Short-Moderate Duration Fanhead Entrenchment
Assymmetric or symmetric coarsening or f in in g  upward 
sequences re f le c t in g  gradual or abrupt in i t ia t io n  
or term ination of sediment supply.
3. Prolonged Fanhead Entrenchment
Assymmetric coarsening upward sequences, or symmetric 
coarsening and f in in g  upward sequences. Results 
from a decrease in  sediment supply or lowering o f 
base le v e l.
Note: Fining upward sequences may predominate on
fans characterized by a decline in amount and grade 
o f  source area debris. "Fan accumulations o f these 
types are u n lik e ly  to  be o f  great volumetric im­
portance and in the case o f  those in i t ia te d  by 
lowering o f base le v e l,  the eventual preservation 
o f such deposits is  questionable (Heward, 1978, 
p. 684)."
4. Scarp Retreat and Lowering o f R e lie f
Assymmetric f in in g  upward sequences-megasequences.
5. Tectonic U p l i f t
Assymmetric to p a r t ia l l y  symmetric coarsening up­
ward megasequences (proximal locations) and 
sequences (d is ta l loca tions).
topography, short to  prolonged fanhead entrenchment and tecton ic  up­
l i f t ,  re s u l t  in  assymmetric to p a r t ia l l y  symmetric coarsening upward 
sequences and megasequences. Only scarp re tre a t  and lowering o f
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r e l i e f  in  the source area cons is ten tly  produce assymmetric f in in g  
upward sequences and megasequences. These f in in g  upward sequences and 
megasequences, however, form deposits 10's to lOO's m th ic k ,  much la rger 
than the sequences in the lower Mt. Shields Formation.
In add it ion  to the lack o f coarsening upward sequences and the 
d iffe rence in scales o f f in in g  upward sequences, Mt. Shields I and I I  
rock-types d i f f e r  l i t h o lo g ic a l ly  from a l lu v ia l  fan deposits. Besides 
conglomeratic mudflow deposits, Steel (1974) c ite s  stream flood and 
braided stream deposits as typ ica l a l lu v ia l  fan fac ies. Stream flood 
deposits consist o f la te ra l ly  discontinuous, large scale planar cross­
s t r a t i f ie d  conglomerate and sandstone units  which show c lear evidence 
o f erosion. Braided stream deposits are characterized by trough cross­
s t r a t i f i c a t io n ,  channel c u t - a n d - f i l l ,  the frequency o f erosional sur­
faces, and rapid la te ra l l i th o lo g ie  and tex tu ra l va r ia t ion  (S tee l,
1974). Mt. Shields rock-types in the study area, however, are l i t h o ­
lo g ic a l ly  and te x tu ra l ly  qu ite  consis tent, are tabu lar and evenly 
bedded, and lack erosional surfaces.
Deposits o f  the Devonian Hornelen Basin in  Norway are the most 
s im i la r  to  those o f the Mt. Shields Formation in both overall thickness 
and l i th o lo g y .  Each depositional u n it  records a f lood ing event. How­
ever, coarsening upward sequences dominate the Devonian section, and 
Steel and others (1977) consequently in te rp re t  th is  to be the re s u lt  o f 
s h i f t in g  and prograding sand lobes. This process does not generate the 
assymmetric, f in in g  upward p ro f i le  seen in the Mt. Shields Formation.
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Rather, the s h i f t in g  and progradation o f the lobe resu lts  in a more
symmetric p ro f i le  o f both coarsening and f in in g  upward sequences
(Fig. 19). Therefore, the a l lu v ia l  fan model based on studies o f 
ancient deposits does not explain the f in in g  upward sequences o f the 
lower Mt. Shields Formation.
In add it ion , i f  the sequences are the re su lt  o f  transgressive-
regressive cycles o f the "Be lt sea", one would expect to  see more
coarsening upward sequences marking a drop in shoreline. The p ro f i le  
generated by th is  model would again tend to  be more symmetric (Fig. 20). 
This model is  also discarded because i t  cannot accommodate the sedi­
mentary features, such as extensive mudcracked surfaces, tabu lar 
bedding, and lack o f erosional surfaces and channels, which characterize 
the deposits o f a s ing le  depositional event.
C limatic Explanation fo r  Sequences
Since a l lu v ia l  fan deposition, progradation and s h i f t in g  o f  sand 
lobes, and transgressive-regressive cycles o f a sea do not generate the 
sharp, assymmetric stacking o f f in in g  upward sequences o f Mt. Shields I 
and I I ,  cyc l ic  a lte ra t io n  o f  ra iny and dry c l im a t ic  periods appears to 
be the most l i k e ly  explanation o f th e i r  o r ig in  fo r  the fo llow ing  reasons. 
The thicker-bedded, coarser-grained rock-types which comprise part A 
o f the sequence represent deposition during ra iny periods when the amount 
o f ru no ff  was g rea tes t, moving th is  coarsest gra insize downslope and 
forming the th icke s t beds. Parts 8 and C o f the sequence, comprised of
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Fig. 19. Schematic presentation o f the coarsening and f in in g  upward
rock p ro f i le  generated by a prograding and s h i f t in g  sand lobe.
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Fig. 20. Schematic presentation o f the symmetric, coarsening and
f in in g  upward rock p ro f i le  generated by changes in shoreline 
due to transgressive-regressive cycles o f a sea.
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the progressive ly f in e r-g ra in e d , more th in ly  bedded rock-types, repre­
sent deposition during dryer periods when r a in fa l l  and flooding were not 
so great.
I f ,  however, the change between a r id  and ra iny  periods was grada­
t io n a l ,  the re su lt ing  rock record should contain coarsening upward 
sequences. The corresponding p ro f i le  would be symmetric, and the same 
problem would e x is t  as fo r  the other models (Fig. 21). An abrupt in ­
crease in  r a in fa l l  through time must be followed by a gradational in ­
crease in  a r id i t y  in  order to  generate the assymmetric, f in in g  upward 
p ro f i le  o f  Mt. Shields I and I I  (F ig . 22).
R.L. Ives (1936) described primary and secondary desert f looding in 
the Sonoyta Va lley, Sonora, Mexico. Here, primary f looding is  generated 
by moisture brought in  by clouds from outside o f the basin. The clouds 
r is e  over the mountains, coo l, and produce intense r a in fa l l .  These 
rains re su lt  in  v io le n t  sheetfloods on the fan s k i r t  and a l lu v ia l  f l a t ,  
and f i l l  the playa lake in  the center o f the in te rn a l ly  drained basin.
Secondary f looding is  derived from in trabasina l moisture (Ives, 
1936). As the water in the lake evaporates, clouds form over the playa. 
These clouds move and drop water away from the playa, but s t i l l  w ith in  
the basin, producing smaller scale f looding events. Some of the clouds 
escape from the basin before dropping th e i r  moisture, and other water 
is  absorbed in to  the ground. In th is  way the lake becomes smaller, the 
amount o f moisture ava ilab le  to form clouds decreases, and the f lash  
cloudbursts decrease in  scale as the lake contracts. This f i l l i n g  of
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Fig. 21. Schematic diagram o f the symmetric coarsening and f in in g
upward rock p ro f i le  generated by a gradational change in the 
amount o f r a in fa l l  through time.
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Fig. 22. Schematic diagram showing the need fo r  abrupt c l im a t ic  cycles 
to generate the assymmetric f in in g  upward p ro f i le  o f 
Mt. Shields I and I I .
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the lake, evaporation and subsequent f looding recycling process con­
tinues u n t i l  a l l  o f the water has e ith e r  escaped from the basin or been 
absorbed in to  the ground.
Although the d iffe rence  in scale between the Belt basin and those 
in  the Basin and Range Province today is  g reat, I propose tha t the 
assymmetric p ro f i le  o f f in in g  upward sequences o f  Mt. Shields I and I I  
resulted from s im ila r  possibly long term c lim a tic  cycles in the Belt 
basin during Precambrian time. Part A o f each f in in g  upward sequence, 
which consists o f the coarser-grained, thicker-bedded, cross-bedded or 
h o r iz o n ta l ly  laminated sandstones, was deposited by primary floods 
which also f i l l e d  the Belt lake. As the lake evaporated, secondary floods 
decreased in  magnitude, producing the progressively more th in ly  bedded, 
f in e r-g ra ine d , coupled and coupleted sandstone and a r g i l l i t e  rock-types 
which comprise parts B and C o f the sequence. The next in f lu x  o f moisture 
from outside the basin generated new primary f loods, and as the cycle 
was reactiva ted, a new f in in g  upward sequence abruptly began. This 
in te rp re ta t io n  explains the absence of coarsening upward sequences in 
Mt. Shields I and I I .
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BASIN-FILL SEQUENCES
• One f in in g  upward in te rva l which occurs approximately 200 m up 
section records the l i th o lo g ie  change from Mt. Shields I to Mt. Shields 
I I  (Plate 1). In Mt. Shields I ,  the f in in g  upward sequences described 
e a r l ie r  are dominated by part B and C (see Fig. 10), which consist o f 
the coupled red sandstone and coupleted red a r g i l l i t e  rock-types. These 
f in in g  upward, v e r t ic a l ly  stacked sequences are present in  Mt. Shields I I ,  
but in  the P r ick ly  Pear and Clearwater Junction sections are dominated 
more by pa rt A, which is  comprised o f  the cross-bedded or ho r izon ta l ly  
laminated sandstone rock-types. Very poorly sorted, scoured, coarse­
grained, cross-bedded sandstone occurs only in Mt. Shields I I  in the 
P r ick ly  Pear section, in the southern part o f  the study area. Parts B 
or C o f the sequence are occasionally replaced by the vaguely coupled 
sandstone rock-type in the other two sections. Both the f iner-g ra ined  
Mt. Shields I and the coarser-grained Mt. Shields I I  are b a s in - f i l l  
sequences (Reward, 1978).
The ra ther abrupt s tra t ig ra p h ie  boundary between Mt. Shields I 
and I I  corre la tes well among the studied sections (see Fig. 15; Plate 1). 
Comparably scaled b a s in - f i l l  sequences recognized in l i th o lo g ic a l ly  
s im ila r  rocks o f the Devonian Hornelen Basin, Norway, are a ttr ibu ted  
by Steel and Aasheim (1978) to  rapid basin subsidence. On th is  basis 
I in te rp re t  th is  change in the lower Mt. Shields Formation to also 
r e f le c t  a major episode o f  basin subsidence w ith respect to the source 
area. In response to the lowering o f base leve ls ,  facies
43
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characterized by more proximal deposition prograded downs!ope, 
producing the coarse-grained rock types which dominate Mt. Shields I I
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CONSIDERATION OF OTHER BELT SUPERGROUP ROCK-TYPES
The in te rn a l ly  drained basin and primary and secondary f looding 
models can be expanded to encompass other rock-types o f the Middle 
Proterozoic Be lt Supergroup (Fig, 23). Winston (1978) in te rp re ts  f iv e  
major Be lt rock-types corresponding to a f lu v ia l  facies model which 
fines northward. Winston a t t r ib u te s  the conglomeratic rock-type to 
braided stream deposition on proximal parts o f the fan surface close to 
basin margin fa u l ts .  This passes down fan in to  the cross-bedded rock- 
type which formed from linguo id  and transverse bars in broad braided 
stream channels. Both o f  these rock-types could form by depositional 
processes active on the upper and middle piedmont slope.
The f in e ,  h o r iz o n ta l ly  laminated rock-type and the red a r g i l l i t e  
rock-type, which correspond to my h o r izo n ta l ly  laminated sandstone, 
coupled red sandstone and coupleted red a r g i l l i t e  rock-types are typ ica l 
o f  most o f  the lower Mt. Shields Formation. Winston (1978) proposes 
shallow sheetwash across d is ta l  parts o f the fan and nearshore depo­
s i t io n  as resu lt ing  in  these rock-types. As described above, these 
represent sedimentation by processes s im ila r  to  those on the lower 
piedmont fan s k i r t  and a l lu v ia l  f l a t  o f the basin f lo o r .
F in a l ly ,  Winston's red a r g i l l i t e  rock-type passes d is ta l ly  to his 
green a r g i l l i t e  rock-type, deposited almost e n t i re ly  from suspension, 
and which he fee ls  formed under continual standing water conditions.
In a d d it ion , the do lom itic  rock-type and black a r g i l l i t e  rock-type
45
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Fig, 23. D is tr ib u t io n  o f B e lt  Supergroup major rock-types w ith in  a b lock -fau lted , in te rn a l ly  drained 
basin. Base drawing modified from P.P. Peterson (1981). 4:»cn
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found in the Belt Supergroup (Grotzinger, 1981) may represent lacus­
t r in e  sedimentation in  what is comparable to the playa lake o f th is  
model.
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DISCUSSION
Scale Difference Between the Belt Basin 
and Basins o f the Basin and Range
There is  a major scale d iffe rence between the Belt basin and basins 
o f  the Basin and Range Province today. I t  is  questionable as to whether 
s im i la r  landforms and depositional processes in modern, a r id ,  in te rn a l ly  
drained basins could e x is t  on a much greater scale. Sheetfloods are 
sho rt- l ive d  events in  modern desert basins (McGee, 1897).
Although s im i la r  to a desert in i t s  lack o f vegetation, the Belt 
basin may have received a greater amount o f p re c ip i ta t io n .  This com­
b ination  o f  high r a in fa l l  rate and lack o f vegetation does not ex is t  
today. Precambrian landforms would not have been s ta b il ize d  by vege­
ta t io n ,  and a large amount o f sediment would have been ava ilab le  fo r  
transpo rt.  Runoff would have become saturated with sediment and would 
not have eroded deep channels; therefore sheetflooding would have occurred 
more frequently  than i t  does today. Given a greater supply o f water 
and sediment, I propose tha t sheetfloods would have been o f greater 
magnitude and dura tion , and associated landforms and depositional pro­
cesses would have been correspondingly more extensive during Precambrian 
time.
Comparison o f  Sequences w ith  Cycles in  the Wallace Formation
The model o f  c l im a t ic  va r ia t io n  corresponds amazingly well w ith the
4 8
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conclusions drawn by Grotzinger (1981). In his study o f  the Wallace 
Formation, middle Be lt carbonate, which he in te rp re ts  as resu lt ing  
from lacus tr ine  sedimentation, Grotzinger recognizes a cyc l ic  member 
dominated by the assymmetric re p e t i t io n  o f shoaling upward cycles one 
to  8 m th ic k .  He divides an ideal cycle in to  four phases. In ascending 
order each phase consists o f:  1) in t ra c la s t ic  packstone and horizon­
t a l l y  laminated sandstone, 2) coupled to coupleted f in e  sand-, s i l t -  
and claystone, 3) f in e  sand-, s i l t -  and claystone plus bedded dolomite 
and 4) bedded dolomite w ith  only minor amounts o f  terrigenous sediment. 
The next cycle abruptly  begins, and is  often marked by a scoured surface.
Grotzinger (1981) concludes tha t:
I t  is  obvious in many ways tha t the dolomite has 
replaced beds tha t were once extremely f in e  grained 
calcium carbonate and tha t the calcium carbonate was 
most l i k e ly  chemically p rec ip ita ted  as a re su lt  o f 
evaporation. This d icta tes tha t the rate of 
evaporation exceeded the in f lu x  o f fresh water; 
there must have been a change in  climate (p. 57).
He goes on to s ta te  tha t:
A lte rna ting  humid and a r id  c l im a tic  periods rap id ly  
expanded and contracted the sea many times (p. 64). . . .
The onset o f each cycle marked the expansion o f the 
sea during humid periods and increased in flow  o f fresh 
water. . . . Through the course o f each cycle, r a in fa l l
began to wane and the sea began to shrink as i t  entered
a new phase o f  chemical sedimentation (p. 65).
Grotzinger's observations and conclusions fu r th e r  strengthen th is  
model; they show the e ffec ts  o f the c l im a tic  cycles present in the
sediments o f the fan s k i r t  and a l lu v ia l  f l a t  can be correlated to more
d is ta l  sedimentation in  the lake i t s e l f .  These s im i la r i t ie s  are even
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
50
more pronounced when an idealized cycle in the Wallace Formation and 
one o f a f in in g  upward sequence in the lower Mt. Shields Formation are 
compared (Fig. 24). Sediments o f the cross-bedded and ho r izon ta l ly  
laminated sandstones (part A) in  Mt. Shields I and I I  and the packstone. 
h o r iz o n ta l ly  laminated sandstone and coupled (Grotz inger's coarser 
coupleted) rock-type (Phases 1 and 2) in  the Wallace Formation were 
deposited by primary floods which simultaneously f i l l e d  the Belt lake.
As the lake began to evaporate and contract, calcium carbonate s tarted 
p re c ip i ta t in g  (Phases 3 ), and secondary floods deposited the sediment 
o f  the coupled red sandstone on the basin f lo o r  (part B). F in a l ly ,  as 
th is  process continued, f lood ing became progressively smaller scaled 
and only the f in e s t  sediment reached the basin f lo o r ,  re su lt ing  in the 
coupleted red a r g i l l i t e  which often caps a sequence in the lower Mt. 
Shields Formation (part C). L i t t l e  to no terrigenous material was 
ca rr ied  out in to  the Belt lake, where sedimentation was dominated by 
continued p re c ip i ta t io n  o f calcium carbonate.
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As the lake continues to contract, 
secondary flooding decreases In 
intensity, depositing only the finest 
sediment of the coupleted red orgillite.
Secondary flooding of interbasinol 
moisture supplied from loke
evaporation deposits sediment 
of the coupled red sandstone
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and horizontally laminated sand.
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Fig. 24. Comparison o f an idealized sequence and cycle in the lower Mt. Shields Formation and Wallace 
Formation, respec tive ly , co rre la t in g  rock-types and subsequent in te rp re ta t io n s . Part A o f  a 
sequence in the lower Mt. Shields Formation and Phases 1 and 2 o f a cycle in the Wallace 
Formation record rapid expansion o f the Be lt lake by primary floods. Parts B and C and 
Phases 3 and 4 record slow contraction o f the lake by evaporation as secondary floods decrease 
in magnitude.
CONCLUSIONS
Deposits o f Mt. Shields I and I I  are characterized by few ero- 
sional surfaces and channels, and lack o f la te ra l facies va r ia t ion  in 
tabu la r, even beds. Grainsize and sedimentary structures decrease in 
scale upward w ith in  s ingle beds. The sediment was deposited on what 
can be considered the fan s k i r t  o f the lower piedmont slope and basin 
f lo o r  o f  the Middle Proterozoic Be lt basin by processes s im ila r  to those 
found on these landforms in modern in te rn a l ly  drained basins. These 
p r im a r i ly  depositional landforms e x is t  only i f  a basin is  in te rn a l ly  
drained; in a semi-basin, an axia l drainage system develops and dissects 
them. This provides evidence tha t the "Be lt sea" was a t th is  time in 
fa c t  a la rge, land-locked body o f water. The f iv e  rock-types recognized 
in the lower Mt. Shields Formation - -  the crossbedded and ho r izon ta l ly  
laminated sandstones, coupled red sandstone, vaguely coupled sandstone 
and coupleted red a r g i l l i t e  - -  represent deposition on proximal and more 
d is ta l  reaches o f the "fan s k i r t "  and "basin f lo o r "  in the Belt basin, 
respective ly .
These rock-types combine to form v e r t ic a l ly  stacked, sharply 
bounded f in in g  upward sequences (3 to 10 m th ic k )  in which bedding th ic k ­
ness and overa ll g ra insize decrease upward. The base o f each sequence 
is  marked by the cross-bedded or h o r izon ta l ly  laminated rock-types 
(part A). These pass upward in to  the coupled red sandstone or vaguely 
coupled sandstone rock-types (part B), which may in turn pass upward 
in to  the coupleted red a r g i l l i t e  rock-type (part C), which often caps a 
sequence.
52
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
53
The assymetric p ro f i le  these v e r t ic a l ly  stacked sequences create 
is  a t t r ib u te d  to c l im a tic  va r ia t ion  in which the Be lt lake was sub­
jec ted to  re p e t i t iv e  periods o f rapid expansion followed by slow 
evaporatic contraction . V io len t primary f loods, generated by moisture 
derived from outside the basin, deposited the coarser-grained sediments 
which form pa rt A o f  each sequence, and qu ick ly  f i l l e d  the Belt lake.
As the lake then evaporated and contracted, smaller scale secondary 
floods derived from in trabasina l moisture resulted in deposition o f 
the progressively more th in ly  bedded, f ine r-g ra ined  sediments o f the 
rock-types which comprise parts B and C o f a sequence (see Fig. 10 and 
22). With the next in f lu x  o f  moisture from outside the basin, primary 
f lood ing reoccurred, and the next f in in g  upward sequence abruptly 
began.
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